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Abstract 
Energy is the essential material for human survival, and it is the important resource for economic development and 
social progress. Making a reasonable and reliable development plan by forecasting the energy consumption 
scientifically and effectively  can ensure economic healthily and orderly developing. The combination forecast 
method based on inducted ordered weighted average operator is used widely in these years. The difference between 
this model and the traditional combination forecast method is that the empowerment coefficient of the combination 
forecast has nothing to do with the monomial prediction model,  but it is closely related to forecast precision's size of 
the monomial prediction model at each time-point, it is an invariable empowerment method.  In this paper we adopt 
the time series tendency forecast model and the gray system GM (1, 1) forecast model in order to analysis the energy 
consumption of the Hebei Province; then, it introduces the energy consumption combination forecast model based on 
the IOWA operator. Empirical analysis indicates that this model can enhance the forecast precision of the 
combination and it is an effective combination forecast method. 
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1. Introduction  
Recently with high-speed economic development, there is not a single forecasting model can fit closely 
to reality of the macroeconomic fluctuate frequently and make consistency explanation for the reasons of 
the fluctuation. Bates.J.M. and Granger.C.W.J.[1] firstly presented that establishing a linear combination 
forecast model which can comprehensive information of each single model and generate better prediction 
effect.  The existing combination forecast method based on different single forecasting methods give 
different weighted average coefficients; the same forecast method for each time-point on the interval 
samples of the weighted average coefficient is constant. But the fact is that the prediction accuracy of each 
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single forecasting method is constantly changing in different time-points, so the existing methods have 
defects which are not as the same as the fact. Yager [2] had put forwards inducted ordered weighted average 
(IOWA) operator. In order to work out the defect that the traditional combination forecast method and 
taken fixed weight coefficient of empowerment form specific combination-weighted coefficient method.  
He introduced the introduction orderly weighted average (IOWA) operator [3] and establishes induction 
ordered weighted average combination forecast model  [4]. This paper has discussed energy consumption 
combination forecast problem of Hebei Province based on the IOWA operator combined forecasting 
model. 
2. The energy consumption status of Hebei Province 
It is the energy consumption of Hebei Province in the Table 1. 
Table 1. The Energy Consumption of Hebei Province                                                 unit: billion yuan 
ear Total Energy Consumption Coal petroleum Natural Gas Hydro power 
1980 3120.50 2652.43 402.54 59.29 6.24 
1981 3627.80 3268.65 297.48 58.04 3.63 
1982 3929.05 3449.31 402.33 69.94 7.47 
1983 4185.78 3735.81 384.67 49.81 15.49 
1984 4475.00 3892.36 515.07 56.83 10.74 
1985 4548.85 4089.87 380.28 71.87 6.82 
1986 5079.52 4550.23 429.73 80.76 18.79 
1987 5516.81 4979.47 447.96 73.93 15.45 
1988 5962.40 5398.95 471.03 70.95 21.46 
1989 6169.26 5599.84 477.50 67.24 24.68 
1990 6124.22 5532.62 484.43 80.84 26.33 
1991 6471.93 5865.51 496.40 86.08 23.95 
1992 6866.29 6220.17 533.51 92.01 20.60 
1993 7861.92 7085.16 663.55 75.47 37.74 
1994 8168.62 7386.88 678.81 88.22 14.70 
1995 8892.41 8032.51 759.41 83.59 16.90 
1996 8938.47 8093.78 737.42 88.49 18.77 
1997 9033.01 8159.52 782.26 78.59 12.65 
1998 9151.12 8206.72 853.80 80.53 10.07 
1999 9379.27 8442.28 844.13 82.54 10.32 
2000 11195.71 10181.38 914.69 94.04 5.60 
2001 12114.29 11125.76 898.88 84.80 4.85 
2002 13404.53 12214.21 1092.47 93.83 4.02 
2003 15297.89 14193.38 992.83 100.97 10.71 
2004 17347.79 15810.78 1389.56 130.11 17.35 
2005 19745.11 18129.96 1469.04 122.42 23.69 
2006 21690.37 19974.66 1657.14 36.87 21.69 
2007 23489.86 21690.54 1618.45 159.73 21.14 
2008 24225.68 22372.42 1607.17 227.09 19.37 
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Fig1.Total Energy Consumption of Hebei Province 
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We can see that total energy consumption contains coal, petroleum, natural gas and hydro power. 
Among them, coal accounted for about 90% of energy consumption. Hebei energy consumption depends 
heavily on coal energy, energy structure is irrat ional. Figure 1 shows that total energy consumption is 
increasing, and since 1999 the rate of increase was significantly accelerated. So we selected data from 
1999-2008 to forecast and analysis . 
3. Based on IOWA Operator Combination Forecast Model 
Defined 1[2], [3]: set WF : RR
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ita  is prediction accuracy in ‘ t ’ moment of the prediction method i . We can get ]1,0[ita .  We see 
prediction accuracy ita  as the induction value of prediction value.  So m kinds Monomial prediction 
method at time t and prediction related to it can puts up m kinds 2d number array:  
mtmttttt avavav ,,,,,, 2211  . 
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Set  TmwwwW ,,, 21   is the ordered weighted average vector of kings of predction method 
among combined forecasting; Order in the descending way the forecasting precision 
sequence
mttt aaa ,,, 21   of m  kind’s Monomial prediction method  at time t .  Set )(itindexa   is 
the first ‘ i ’ subscript of the larger forecasting precision at time t . On the basis of definition 2, Set  
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Above expression is inducted ordered weighted average combined prediction produced form the 
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Therefore, new induction ordered weighted average combination forecast model may be expressed as 
below model: 
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4. Two Energy Consumption Prediction Model of Hebei Province 
Energy consumption is the important basis and prerequisite in order to strengthen macroeconomic 
management and improve the level of economic development . Scientific forecast tax revenue plays the 
vital role  on formulate rational development strategy, and ensure the economic steady healthy development. 
Table 2 1999-2008 expresses actual energy consumption of Hebei province, time series prediction energy 
consumption and gray prediction of energy consumption data. 
Table 2. 1999-2008 ACTUAL energy consumption, time series prediction energy consumption and gray prediction of energy 
consumption data                                                                     unit: billion yuan           
Year )(t  Actual energy consumption of Heibei province )(Y  
T ime series prediction energy 
consumption   )( 1tY  
Gray prediction of energy 
consumption )( 2tY  
1999 9379.27 9815.48 9379.27 
2000 11195.71 10942.05 11405.34 
2001 12114.29 12197.91 12611.79 
2002 13404.53 13597.92 13945.85 
2003 15297.89 15158.61 15421.02 
2004 17347.79 16898.43 17052.24 
2005 19745.11 18837.94 18856.01 
2006 21690.37 21000.05 20850.58 
2007 23489.86 23410.31 23056.13 
2008 24225.68 26097.21 25494.99 
2228  Hongwei Song et al. / Energy Procedia 5 (2011) 2224–2229
4.1 Energy consumption time series trend forecast model of Hebei province 
The scatter plot chart shows that energy consumption and time satisfy approximately linear relationship, 
accordingly, get below model: 
tY t 108652.00035.208ln 1      Or )108652.00035.208(1  EXPY t         (7)  
127.627,987.02   statisticFR , statistict   respective as 043.25,929.23 , model (7) pass the 
inspection. 
4.2 Gray system GM (1, 1) prediction model of energy consumption of Hebei province  
According to the gray system GM (1, 1) basic theory, get prediction model: 
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5.  Energy consumption Forecast Model Based on IOWA Operator  
Set tYˆ  as the induction ordered weighted average prediction, then according to the definition 2: 
  ¦
 
  
m
i
itindexaimtmtttttt xwxaxaxaIOWAY
1
)(2211 ,,,,,,
ˆ           )11,,2,1(  t       (9) 
Among them, ‘ )(itindexa  ’ is a  subscript about large predict ion precision of the first ‘ i ’ in ‘ t ’ 
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Similarly, we can obtain other results, that is tYˆ , )11,,3,2(  t . 
After finishing these results, we can get optimization model as follows: 
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Given the optimal weight coefficient for 1*1  w , 0*2  w . 
In order to validate induction ordered weighted average combination forecast  model is effective, we 
chose some indexes to evaluate prediction effect. Such as the sum-of-squares error (abbreviation: SSE), 
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Among these formulas, ‘ tY ’ is an actual observation in the ‘ t ’ moment; ‘ tYˆ ’ is a pred ict value in the ‘ t ’ 
moment accord ing to some forecasting methods; ‘ N ’represents the number of samples, Nt ,,2,1  , 
According to the above two error index calculated respectively two single predictive error and induction 
of orderly weighted average combined forecasting error, the result  as shown in chart 2. 
According to informat ion of the table3, the two error index values of IOWA were significantly lower 
than the two single forecasting model error index values. Thus shows that this proposed combination 
forecast method can effectively increase the prediction accuracy. 
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Table 3. Prediction  Effect Evolution Index 
Predicting error evaluation indexes SSE MAPE 
Monomial prediction model (1) 5328790 0.0284 
Monomial prediction model (2) 3982005 0.0280 
IOWA operator combination forecast model 3075364 0.0198 
6. Conclusion 
Energy consumption of Hebei Province was found gradually increasing and growing faster. The coal 
accounted for about 90% of energy consumption. Hebei energy consumption depends heavily on coal 
energy, energy structure is irrational, and it is need to improve. Energy consumption is an important 
economic problem; adopting monomial predict ion model which is hard to make full use of various 
information resources and is limited to prediction ability. This paper at first uses time series prediction 
model and gray trend forecast system GM (1, 1) model to forecast energy consumption of Hebei Province, 
and then in order to improve the forecasting accuracy, based on IOWA operator combined forecasting 
model, and analysis shows that this combination forecast model has good prediction effect. 
Because of the limit  of the length, this paper has not computed tax revenue predictive value of the first 
kN   years based on the IOWA operator. According to the forecast consistency principle, the forecast 
model of the first kN   years is: 
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,2,1  NNt  , In prediction interval > @,2,1  NN , the determined principle of the size of 
prediction accuracy sequence mttt aaa ,,, 21   is based on each site forecast method for sample intervals 
in recent period fitting average accuracy of discretion to determine. If forecast the future K step, we can 
use the first k kind of forecasting methods in recent k period  fitting average accuracy to reflect forecast 
accuracy on forecast intervals kN  . 
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